Objective: To clarify the characteristics of cryptogenic stroke in patients with active cancer. Methods: Patients with or without cancer diagnosed with acute ischemic stroke between January 2006 and February 2015 were extracted from a prospectively collected stroke database of Osaka University Hospital. Patients were categorized according to the presence of active cancer and known stroke mechanisms. Results: Among 1191 patients with acute ischemic stroke, 145 (12%) had active cancer. Patients with active cancer were diagnosed more often with cryptogenic stroke than were patients without cancer (47% vs. 12%, P < 0.001). Compared with cryptogenic stroke patients without cancer, cryptogenic stroke patients with active cancer had fewer atherosclerotic risk factors, lower nutrition status, higher plasma D-dimer levels, and multiple vascular lesions. In a multivariate logistic analysis, plasma D-dimer level (odds ratio [OR] per 1 standard deviation increase: 6.30; 95% confidence interval [CI]: 2.94-15.69; P < 0.001), and the presence of multiple vascular lesions (OR: 6.40; 95% CI: 2.35-18.35; P < 0.001) were independent predictors of active cancer. When comparing active cancer patients who had known stroke mechanisms with those who had cryptogenic stroke, high plasma D-dimer levels, multiple vascular lesions, and receiving chemotherapy and/or radiation therapy were associated with cryptogenic stroke etiology. Interpretation: In cryptogenic stroke, patients with active cancer has a unique pathology characterized by high plasma D-dimer levels and multiple vascular lesions. The hypercoagulable state and malnutrition due to cancer and its treatments potentially influence the development of cryptogenic stroke in cancer patients.
Introduction
Thromboembolism is a common complication in cancer. 1 Approximately 7% of cancer patients have symptomatic cerebrovascular diseases during the clinical course, and 15% have cerebrovascular lesions at autopsy. 2 The incidence of stroke is approximately 1.5 times higher in cancer patients than in the general population. 3 Stroke complicated by cancer has distinct mechanisms characterized by hypercoagulability in cancer, manifesting as, e.g., nonbacterial thrombotic endocarditis, intravascular coagulation, and tumor embolism. 4, 5 However, these stroke mechanisms are often difficult to diagnose except in an autopsy 2 ; as a result, they can be diagnosed as cryptogenic stroke in clinical practice. In fact, in patients with cancer, the incidence of cryptogenic stroke is reported to account for approximately 40-50% of stroke mechanisms [6] [7] [8] [9] and is more prevalent in patients without cancer. 10, 11 Previous studies have demonstrated that cancer patients with cryptogenic stroke often have high plasma D-dimer levels and multiple vascular lesion patterns 6, 7 and are associated with reduced survival, 8 suggesting that cryptogenic stroke in these patients needs specific consideration. However, the characteristics of cryptogenic stroke in cancer patients are less well understood. Little is available on the comparative data of cryptogenic stroke in both cancer and noncancer patients within the same population. In our experience, cancer patients with stroke often seem to be suffering from malnutrition. Therefore, we hypothesized that nutritional status might be associated with the development of ischemic stroke in cancer patients.
The purpose of this study was to clarify the characteristics of ischemic stroke, especially of cryptogenic etiology, in cancer patients by using a prospectively collected stroke database that included both cancer and noncancer patients.
Methods
Standard protocol approvals, registrations, and patient consent
The ethics committee for clinical research at Osaka University Hospital approved this study. The need for informed consent was waived owing to the retrospective nature of the study.
Patients
We reviewed 2620 consecutive stroke patients admitted to the stroke unit of Osaka University Hospital between January 2006 and February 2015 from the hospital's prospectively collected stroke database. Osaka University Hospital is a large academic urban hospital, which has a role as a regional comprehensive cancer center. Patients diagnosed with acute ischemic stroke within 7 days after symptom onset (n = 1191) were extracted from the database and categorized into 2 groups according to the presence of cancer: the cancer group (n = 265), and the noncancer group (n = 926). In the cancer group, patients with active cancer were selected. Active cancer was defined as a diagnosis of cancer either treated in the last 6 months before admission or untreated. The diagnosis of cancer was identified by reviewing each medical record. Patients who had an inactive cancer (n = 114), a primary brain tumor (n = 5), or an undiagnosed tumor (n = 1) were excluded. We finally identified 145 patients with acute ischemic stroke and active cancer. Further inclusion and exclusion criteria are shown in Figure 1 .
For the purpose of exploring the complication rate of ischemic stroke in each cancer type, we referred to the total number of inpatients and outpatients with each cancer type during the study period from the Osaka University Hospital database. We subsequently divided the number of ischemic stroke patients by the total number of patients with each cancer type, thereby obtaining the complication rate for ischemic stroke.
Clinical variables
The following clinical data were obtained from the clinical records of all the patients: age, sex, body mass index (BMI), and the presence of atherosclerotic risk factors, including hypertension, diabetes mellitus, hyperlipidemia, current smoking, and past history of stroke. Cancerrelated data, including type of cancer, cancer treatment, and the presence of systemic metastases, were also obtained. All the patients had baseline blood samples drawn at admission, and the samples were analyzed for the following: white blood cell count, total lymphocyte count, platelet count, and levels of hemoglobin, D-dimer, high sensitivity C-reactive protein (hsCRP), albumin, and total cholesterol. Nutritional status was assessed using controlling nutritional status (CONUT) score. The CONUT is an automated malnutrition screening system calculated by using serum albumin, total cholesterol, and total lymphocyte counts, and scoring (maximum 12 points) is as follows: 0-4 points, low risk; 5-8 points, moderate risk; and 9-12 points, high risk. 12 .
Definition of vascular risk factors
Hypertension was defined as the history of hypertension or the use of antihypertensive medications. Hyperlipidemia was defined as the use of cholesterol-lowering therapy, a fasting total serum cholesterol level ≥220 mg/dL, a triglyceride level ≥150 mg/dL, or a low-density lipoprotein cholesterol level ≥140 mg/dL. Diabetes mellitus was defined as a fasting blood glucose level ≥126 mg/dL, a glycosylated hemoglobin A1c concentration ≥6.5% according to the National Glycohemoglobin Standardization Program, or the use of glucose-lowering agents. BMI was calculated as weight in kilograms divided by the square of height in meters (kg/m 2 ). Smoking was defined as current smoking.
Imaging
Three-tesla magnetic resonance imaging (MRI) was performed at admission. Diffusion-weighted images, T1-and T2-weighted images, fluid-attenuated inversion recovery images, and 3-dimensional time-of-flight magnetic resonance angiography were obtained. If MRI was not possible for individual reasons, brain computed tomography (CT) was used. Multiple vascular lesions were defined as the multiple infarct lesions involving multiple arterial territories.
Classification of stroke mechanisms
All patients underwent 24-hour electrocardiographic monitoring at least 7 days after admission, carotid ultrasonography, transthoracic echocardiography, and brain imaging (MRI or CT scan). Transesophageal echocardiography was performed as necessary. Two neurologists classified the mechanisms of ischemic stroke according to the Trial of Org 10172 in Acute Stroke Treatment classification 13 and the mechanisms were finalized by consensus. Patients were classified into 2 subgroups according to stroke mechanisms: the known stroke mechanism group (large-artery atherosclerosis, small-vessel occlusion, cardioembolism, or other causes) and the cryptogenic stroke group.
Statistical analysis
All data are expressed as median and interquartile ranges or counts and percentages. Because the distributions of plasma D-dimer levels were left-skewed, they were normalized using logarithmic transformation. Values were compared using the Mann-Whitney U-test for continuous variables and the chi-square test for categorical variables. Among cryptogenic stroke patients, multivariate logistic regression analysis was performed to determine the independent predictors of active cancer, including age, sex, number of atherosclerotic risk factors, plasma Ddimer levels, CONUT score, and the presence of multiple vascular lesions, because these factors are known to be related to cancer-associated stroke etiology. 6, 7 Similarly, among active cancer patients, multivariate logistic regression analysis was performed to determine the independent risk factors for cryptogenic stroke using the same variables and adding the variables for the presence of systemic metastases and chemotherapy and/or radiation therapy. All analyses were performed using JMP Pro software version 10.0.2 (SAS Institute Inc., Cary, NC). A P value <0.05 was considered statistically significant.
Results
Among 1191 patients with acute ischemic stroke, 926 (78%) had no cancer, and 145 (12%) had active cancer. Known stroke mechanisms were identified in 813 of 926 (88%) patients without cancer but in only 77 of 145 (53%) patients with active cancer. Therefore, patients with active cancer were diagnosed more often as having cryptogenic stroke than were those without cancer (47% vs. 12%, P < 0.001). In 145 ischemic stroke patients with cancer (38% women; median age, 71 years; interquartile range, 63-78), 75 developed ischemic stroke during hospitalization for cancer treatment. Twenty patients presented with ischemic stroke before the diagnosis of cancer. Transesophageal echocardiography was performed in 33 patients (18 in the cryptogenic stroke group). Table 1 shows the specific stroke mechanisms in 145 active cancer patients. Table 2 compares baseline characteristics and laboratory findings of cryptogenic stroke patients both with and without cancer. Compared with patients without cancer, patients with active cancer had lower BMI, fewer atherosclerotic risk factors, lower nutrition status, and higher plasma D-dimer and hsCRP levels. Multiple vascular lesions were found more often in patients with active cancer than in those without cancer. In a multivariate logistic regression analysis (Table 3 ), plasma D-dimer level (OR per 1-SD increase, 6.30; 95% CI: 2.94-15.69; P < 0.001), and the presence of multiple vascular lesions (OR: 6.40; 95% CI: 2.35-18.35; P < 0.001) were independently associated with the presence of active cancer in cryptogenic stroke patients.
When comparing active cancer patients with known stroke mechanisms and those with cryptogenic stroke (Table 4) , the patients with cryptogenic stroke were younger, had lower BMI, fewer atherosclerotic risk factors, lower nutrition status, and higher plasma Ddimer levels. Multiple vascular lesions were more Table 1 . Index stroke mechanisms with active cancer patients.
Specific mechanisms
n (%) Table 5) . The number of patients with each cancer type is presented in Table 6 , and the frequency of ischemic stroke in each cancer type is shown in Figure 2 . Lung cancer was associated with the highest number of ischemic stroke patients (n = 24), followed by colorectal cancer (n = 17), prostate cancer (n = 13), gastric cancer (n = 11), and pancreatic cancer (n = 10). With regard to the complication rates for ischemic stroke in each cancer type, lung cancer was also associated with the highest frequency of ischemic stroke (8.0 per 1000 patients), followed by pancreatic cancer (7.5/1000), colorectal cancer (7.4/1000), renal cancer (6.6/1000), and ovarian cancer (5.6/1000).
Discussion
This study revealed the following findings: (1) the cryptogenic stroke rate in cancer patients was approximately half of cancer patients with ischemic stroke, which was Previous studies have reported that the cryptogenic stroke rate in cancer patients is relatively high [6] [7] [8] [9] ; however, there has been no study of the cryptogenic stroke rate according to the presence of active cancer within the same study population. It has been suggested that paroxysmal atrial fibrillation is the latent common cause of cryptogenic stroke in the general population.
14 Because we conducted a thorough investigation to determine stroke etiology, including 24-hour electrocardiographic monitoring throughout hospitalization, only 12% of acute stroke patients without cancer were diagnosed as having cryptogenic stroke. Meanwhile, it is notable that approximately half of acute stroke patients with active cancer who were still classified as having cryptogenic stroke. This result suggests that the mechanisms underlying cryptogenic stroke in cancer patients need special consideration.
Our data demonstrated that patients with cryptogenic stroke and active cancer had unique clinical characteristics. These patients had lower BMI, fewer atherosclerotic risk factors, lower nutrition status, higher plasma Ddimer levels, and more frequent multiple vascular lesions than those in the noncancer group and the active cancer group. High plasma D-dimer levels and multiple vascular lesions were independently associated with cryptogenic stroke in the setting of active cancer. These results are highly consistent with previous studies. 6, 7 These data Includes hematologic malignancy in 4, parotid cancer in 3, pharyngeal cancer in 2, sarcoma in 2, skin cancer in 2, oral cancer in 2, cervical cancer in 1, nasal cancer in 1, and malignant mesothelioma in 1. suggest that cancer-related conditions, such as coagulation abnormalities and malnutrition caused by malignancy or the cachectic state, potentially affect the development of ischemic stroke in cancer patients. In other words, if patients with cryptogenic stroke display such characteristics, then a detailed examination should be considered check for the presence of subclinical active cancer. In addition to these clinical characteristics, when comparing active cancer patients with known stroke mechanisms and cryptogenic stroke, it was remarkable that chemotherapy and/or radiation therapy was also independently associated with cryptogenic stroke. Cancer treatment, such as chemotherapy and/or radiation therapy, possibly causes the hypercoagulable state through the direct oncolytic reaction and the treatment itself. 15 Cancer treatments are also a surrogate for the degree of cancer activity and therefore this finding might actually be due to confounding effect of indication bias. However, these findings indicate that active cancer patients undergoing treatment, especially those with high D-dimer levels, face a high risk of ischemic stroke.
To date, only a few studies have investigated the relationship between the prevalence of ischemic stroke and active cancer. 6, 7, 16 In this study, we presented the complication rates for ischemic stroke in each type of cancer during the study period. These results accord well with those of a previous study showing that incident cancer is associated with an increased short-term risk of stroke, especially in lung, pancreatic, and colorectal cancers. 16 The authors speculated that patients with those cancers often had advanced-stage disease. 16 In this regard, the rate of systemic metastases in our series was similar in patients with lung, pancreatic, and colorectal cancer versus those who did not. Further discussion is warranted on this problem; however, potential factors such as dehydration, infectious conditions, and cancerous invasion to the surrounding tissues could have affected the development of ischemic stroke in these patients.
Our study had several limitations. First, we showed the differences in cryptogenic stroke between cancer patients and noncancer patients, but it is possible that these differences derived from the cachectic state of cancer patients in general and were not restricted to cryptogenic stroke patients. To precisely distinguish between these factors is difficult; even so, we found similar differences between cryptogenic stroke and known stroke mechanisms in patients with active cancer. Therefore, we believe that our data reflect the unique clinical characteristics of cryptogenic stroke in the setting of cancer. Second, only a few cancer patients underwent TEE due to poor clinical condition or gastrointestinal complications. Because TEE is superior to TTE for the evaluation of cardiac embolic sources such as nonbacterial thrombotic endocarditis, 17 this might influence the classification of stroke etiology. The frequency of ischemic stroke in patients with various types of cancer. The 15 leading types of cancer associated with ischemic stroke are shown. Lung cancer was associated with the highest frequency of ischemic stroke (8.0/1,000 patients), followed by pancreatic cancer (7.5/1,000), colorectal cancer (7.4/1,000), renal cancer (6.6/1,000), and ovarian cancer (5.6/1,000). The dark gray bar shows adenocarcinoma and the light gray bar shows non-adenocarcinoma.
Similarly, lack of prolonged Holter monitoring might overestimate the rate of cryptogenic stroke in cancer patients. 18 Third, although this study demonstrated the complication rates of ischemic stroke for each type of cancer during the study period, it did not rigorously measure the complication rate of ischemic stroke in all such cancer patients. That is, not all patients who developed ischemic stroke during a routine visit to our hospital were admitted there. Fourth, our cohort was limited to Japanese patients of single-center series and therefore, our finding may not generalize to other stroke populations. Finally, many of association variables in the multivariate analyses had wide CIs suggesting low statistical power and poor reliability. Further researches are needed to elucidate the optimal predictors of active cancer and cryptogenic stroke.
In conclusion, cryptogenic stroke is highly prevalent in patients with active cancer and has a unique pathology characterized by high plasma D-dimer levels and multiple vascular lesions. The hypercoagulable state and malnutrition due to cancer and its treatment potentially influence the development of cryptogenic stroke in cancer patients.
